Astronomy & Astrophysics manuscript no. Paper 


© ESO 2012 


September 6, 2012 





A multi-waveband study of the Magellanic Bridge 

G. Bagheri^ M.-R.L. Cioni^'^'* and R. Napiwotzki^ 

^ Centre for Astrophysics Research, College Lane, Hatfield ALIO 9AB, United Kingdom 
^ University Observatory Munich, Scheinerstrasse 1, 81679 Miinchen, Germany 

Received 2012 October 11/ Accepted XXX 

ABSTRACT 

Context. The Magellanic system comprises the Large Magellanic Cloud (LMC), the Small Magellanic Cloud (SMC), 
and the less frequently observed Magellanic Bridge and Magellanic Stream. The Bridge is traced by neutral gas and 
has an observed stellar component, while the Stream consists of gas only, with no observed stellar counterpart to date. 
Aims. This study uses previously unexplored infrared observations from the 2MASS and DENIS surveys and optical 
observations from the SuperCOSMOS survey to investigate the stellar content of the Magellanic Bridge. 
Methods. Catalogues were created of the 2MASS, DENIS and SuperCOSMOS surveys in the direction of the Bridge 
and density maps, colour-magnitude and two colour diagrams were analysed. A study was also carried out on removing 
the Galactic foreground population in the direction of the Magellanic Bridge which was an important consideration 
due to the low stellar density within the Bridge. 

Results. This study finds that the stellar density varies in the Bridge region with a north-south division, and that the 
Magellanic Bridge comprises of an old stellar population in addition to the younger population already known. 
Conclusions. The formation of the Magellanic Bridge is likely to have occurred from a tidal event between the LMC and 
SMC drawing most of the material into it from the SMC. An older population in the Bridge indicates that a stellar 
content was drawn in during its formation together with a gas component. Specific attention was given to the removal 
of the Galactic foreground due to the low stellar density within the Bridge. 
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1. Introduction 

The Magellanic Clouds are irregular dwarf galaxies within 
' our L ocal Group at a dis tance of 50 — 60 kpc from the Milky 
' Way (" Cioni et al.1l2000[ ). The Clouds consist of the Large 
Magellanic Cloud (LMC) and the Small Magellanic Cloud 
(SMC) which are connected by the Magellanic Bridge. The 
system also contains the Magellanic Stream which is a 
gaseous feature between the Clou ds. It is widely be lieved 
that the Bridge was formed tidally (iMat hewsonll 19851 ) while 
. the formation of the Stream is still under debate as a tidal 

■ feature or a trailing creation of the Clouds from ram pres- 
I sure from a low density ionized halo ( Mastropietro et al.l 

■ l2004f ). The Magellanic Clouds are a prime template for 
' studying galaxy interactions, the derivation of their star 

formation history (SFH), and the interaction between the 
Clouds and the Galaxy (jCioni et al.ll201l[ ). 

The Magellanic Bridge spanning ^ 13 k pc contains a 
known stellar population (|lrwin et al.l Il990[ ) . Star forma- 
tion after a tidal event can be studied by examining the 
ages, chemical abundances and kinematics of the Bridge 
population. To date, only young populations have been ob- 
served in the Bridge region, this implies that at the time of 
the tidal interaction, only gas was drawn out of the Clouds 
to create the Bridge, and that the inter-cloud population of 
the Bridge formed some time afterwards. If an older popu- 
lation were to be observed, it could imply that stars as well 
as gas were stripped from the LMC and SMC in the event 
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that formed the Bridge. As tidal interactions should affect 
both stars and gas, an older population is expected within 
the Bridge. 

This study addresses the inter-cloud population in the 
Magellanic Bridge and its distribution. An overview of the 
Magellanic Bridge is presented in Sect. [2j Section [3] de- 
scribes the 2MASS, DENIS and SuperCOSMOS data used 
in this study and their analysis. A study of the stellar 
densities in the Bridge is carried out in Sect. 14.11 The re- 
sults of the data analysis, stellar density maps and colour- 
magnitude diagrams (CMDs), are shown in Sect. 14.21 A 
discussion is given in Sect. [5] and the conclusions are sum- 
marised in Sect. [6l 



2. The Magellanic Bridge 

iHindman et al.l (|l963bf ), carried out observations and digi- 
tal reductions for a survey of neutral hydrogen (HI) in the 
direction of the Magellanic Clouds and noted a considerable 
am ount of gas between the two Clouds. In a follow-up pa- 
per iHindman et al.l (|l963al ) concluded that the Magellanic 
Clouds were encompassed by a halo of gas. They also ob- 
served double peaks in the velocity of the SMC gas possi- 
bly indicating two s epara te masses one behind the other. 
iDeinzer fc Schmidtl (p.973') used observations of the 21cm 
HI line to show a physical connection of gas between the 
Clouds. T his has been subsequently confirmed by other au- 
thors and llrwin et al.l ([1990) showed that the SMC Wing 
extends towards the LMC into the Bridge. This is sup- 
ported by the observation of several regions within the 
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Br idge containing youn g blue stars. Another investigation 
by [Grondin et al. (1991), using CCD photometry of three 
regions within the Bridge, indicat ed a population of yo ung 
stars approximately 10^ years old. lCrondin et al.l(|l992f ) ob- 
served two regions in the SMC wing and one in the centre of 
the Bridge. They found that the SMC Wing population has 
a large line of sight depth of 12 ± 8 kpc and that some asso- 
ciations are as young as 16 Myr. This study also observed 
that the inter-cloud stars were younger and less numerous 
than the LMC, their distribution was not continuous, and 
we re likely to have f ormed from SMC gas. 

Mathewson (1985) proposed that the SMC had a close 
encounter with the LMC warping the LMC disk and form- 
ing the Bridge while tidally fissioning the SMC in a process 
of irreversible disintegration. It was also postulated that the 
Clouds were not bound to the Galaxy and were approach - 
ing from the direction of Andromeda. iGrondin et al.l (|l99l[ ) 
proposed a scenario where a close encounter of the LMC 
and SMC occurred, triggering star formation in the dens- 
est parts of the inter-cloud region leaving dense gas on the 
SMC side. Their analysis confirmed that the Bridge associ- 
ati ons on the west side formed first. It was then suggested 
by IGrondin et al.l ([l992.) that a tidal interaction between 
the Clouds was on a milder scale than seen elsewhere in ex- 
ternal galaxies but caused the formation of a disk around 
the SMC which was then stripped to form the Bridge. A 
ring- like feature a round the SMC has been su ggested by 
ICioni et al.l (|20Q6l ) and also iHarris fc Zaritskvl (j2QQ4 ) cor- 
responding to an older p opulation of about 2. 5 Gyr . 

Authors such as iPutman fc Gibso n (1999) and 
iMuller et al.l (|2QQ4f ) have supported that the Bridge may 
have been formed from a close encounter 200 Myr ago 
between the LMC and SMC, but this is challenged with 
ideas that the Bridge was formed later due to the difference 
between the Bridge and SMC populations and that the 
ages of associations in the Bridge are closer to 6 Myr. It is 
possible that the Bridge was formed in a close encounter 
200 Myr ago but that star formation was triggered by 
an other event about 6 Myr ago. 

iMuller et al.l (|2003f ) showed that the northern and 
southern parts of the Magellanic Bridge represent two dis- 
tinct arms of gas, emanating from the SMC, which chal- 
lenges previous theories that the Bridge was formed of a 
single filamentary feature. The southern part of the Bridge 
has more turbulent H I similar to the SMC while the 
northern part is more tenuous. This study is followed by 
IMuller fc Bekkil (|2007[ ) who also found that there exists ve- 
locity bi-modality within the Bridge and that large HI loops 
are present up to 1.3 kpc in diameter spanning across the 
northern and southern parts of the Bridge. These authors 
suggest that the northern part of the Bridge gas is a radially 
extended arm of the SMC and is not connected to the LMC 
but that the southern part was drawn from the SMC in a 
LMC-SMC interaction. There are many authors that argue 
tha t the Bridge is predo minantly composed of SMC mat- 
ter. iHamblv et all (1994") using the 3.9m Anglo- Australian 
telescope Echelle spectrograph, observed one main sequence 
B-type star and one B-type supergiant and determined the 
chemical composition and spin temperature of the interstel- 
lar medium to determine the temperature structure within 
the Bridge. They find that the stars had a mild He defi- 
ciency of 0.1 — 0.2 dex and a heavy element deficit of 0.5 — 1 
dex with respect to the Galaxy which both reflect the com- 
positions within the SMC and not the LMC. 



This may aid in the confirmation of Bridge formation 
scenarios that the Bridge formed from a tidal interaction 
between the Clouds 200 Myr ago stripping gas from the 
SMC and that an event around 6 Myr ago triggered star 
format ion from mol ecular condensation with the presence 
of CO (jMuller et al.| [2003). It is also possible that the north- 
ern part of the Bridge, not connected to the LMC, may have 
been stripped from a different region of the SMC that con- 
tained stars at the time of the stripping event. In order to 
confirm this, an older population will have to be obse r ved in 
the Bridge which to date has not been found. iHarrisI (|2007[ ) 
used the MOSAIC II camera on the 4m telescope at CTIO 
to observe twelve regions in the Magellanic Bridge searching 
for an old stellar population which may have been stripped 
from the SMC. The spatial distribution of these regions fol- 
lows the H I gas ridge line in the Bridge and extends to right 
ascension ~ 3^ where the H I surface density falls to below 
the critica l threshold for star formation as determined by 
iKennicuttI (^989). Harris work showed no detection of an 
old population in the Bridge indicating perhaps that the 
stars were all formed in-situ. 



3. Data 

The aim of this work is to establish source catalogues in the 
region of the Magellanic Bridge prior to the analysis of ob- 
servations using the VISTA telescope (lEmerson et al.|[2QQ3 ) 
as part of t he VISTA survey o f the Magellanic Cloud sys- 
tem (VMC; [C ioni et al.] (|201lt )). As such, the main source 
of data used in this work is near-infrared (NIR) photome- 
try from the Two Micron All Sky Survey (2MASS) and the 
Deep Near-Infrared survey of the southern sky (DENIS) 
respectively. Optical SuperCOSMOS data are also used for 
comparison. The 2MASS, DENIS and SuperCOSMOS cat- 
alogues are publicly available. The Bridge area was cho- 
sen from previous defi nitions o f the Bridge coverage by 
iKerr fc de Vaucouleursl (|l955f ). iMcGee fc NewtonI (|l981f ) 
and IHarrisI (I2007D . This corresponds to an area between 
the LMC and SMC from 20° to 70° in right ascension (a) 
and from —69° to —77° in declination {S). 

DENIS is a complete survey in one optical band / 
(0.8/im) and two NI R bands, J (1.25 /im) and (2.16/im) 
of the southern sky fl Epchteinl 11994 ). The limiting magni- 
tudes of the survey are 18.5, 16.5 and 14.0 mag in /, J and 
Ks bands, respectively with a la photometric uncertainty 
of < 0.1 mag and a pixel size of 1" in / and V in J and 
Ks citepmrOOa. From this catalogue there were ~ 170,000 
sources extracted in the Bridge area. Q 

2MASS collected raw imaging data covering 99.998% of 
the celestial sphere in the NIR at J (1.25/i m), H (1.65/im) 
and (2.16/im) between 1997 and 2001 (jSkrutskie et al.l 
|2006). The point source detection level is 15.8, 15.1, and 
14.3 mag at the J, and bands, respectively, for the 
vast majority of observations. The la photometric uncer- 
tainty is < 0.03 mag for bright sources with a pixel size 
of 2.0'^ From this catalogue there were ~ 300,000 sources 
extracted in the Bridge area. Q 

For completeness in the analysis of the Magellanic 
Bridge, a comparison of the NIR data above was done with 
the SuperCOSMOS catalogue which covers this region with 
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reasonable depth. SuperCOSMOS is an advanced photo- 
graphic plate digitising machine which digitised sky sur- 
vey plates taken with the UK Schmidt telescope (UKST), 
the ESO Schmidt, and the Palomar Schmidt telescopes for 
the entire sky. The pixel size of the SuperCOSMOS sur- 
veys is 0.7". The SuperCOSMOS Sky Surveys are ben- 
eficial due to the small pixel size and the availability of 
proper motions and variability information. For this work 
the UKST southern Survey catalogue was used with band 
pass filters B (0.45/im), R (0.66/im) and / (0.8/im) and 
limiti ng magnitudes of B = 22.5, R = 20.0 and / 19.5 
mag (Hambly et al. 2001) with photometric errors of 0.3-0.5 
mag. From this catalogue ~ 450, 000 sources were extracted 
in the Bridge area. 

The data for the Bridge region was downloaded from the 
2MASS, DENIS and SuperCOSMOS web interfaces using 
columns of a, ^, magnitudes and photometric uncertain- 
ties with different flags used to only extract stellar objects. 
In 2MASS flags were used to remove objects with JHK 
artefact contamination and/or confusion and contamina- 
tion from extended sources. DENIS flags were applied to 
remove multiple observations of sources and maintain im- 
age and source quality. Catalogues were then created by se- 
lecting only stellar objects observed within each survey. The 
results in this work are mostly affected by the photometric 
uncertainties in the magnitudes. To reduce the photomet- 
ric uncertainties near the sensitivity limits, cuts at = 14 
and R = 17 mag were applied. The photometric uncertain- 
ties of colours are derived from (Ja-b = \/<^a + • order 
to complete a full study of the Magellanic Bridge the cat- 
alogues of 2MASS and DENIS were combined to form a 
catalogue with /, J, H and Kg bands. Because the 2MASS 
catalogue reaches fainter magnitudes than DENIS in the 
J and Ks band, and the photometric errors are smaller in 
2MASS (Fig. I A. l]) . after cross matching the catalogues, the 
J and bands of DENIS were discarded. The 2MASS 
and DENIS samples were matched using coordinates and a 
separation of 0.5^' to ensure that the stars in the combined 
catalogue were the same stars in each catalogue. From the 
original - 170,000 objects in DENIS and - 300,000 in 
2MASS, the combined catalogue contained 149, 290 objects 
observed in both 2MASS and DENIS. 



Table 1. Number of stellar objects in each catalogue of the 
Magellanic Bridge 



Catalogue 


Filter 


Number of 


sources 


2MASS 


J, H,Ks 


- 300, 


000 


DENIS 


/, J,K 


- 150, 


000 


2MASS-DENIS 


/, J, Ks 


- 150, 


000 


SuperCOSMOS 


B, R, I 


- 450, 


000 



Table [T] contains the different catalogues used in this 
work with their wave bands and also the number of sources 
in each catalogue. The inclusion of all three surveys is a 
useful tool in analysing the Bridge population especially in 
terms of a comparison between red and blue objects. 



^ http://www-wfau.roe.ac.uk/sss/ 



4. Results 

The results of this work look at the structure of the Bridge, 
and also the populations within. The work on the struc- 
ture, makes use of a statistical removal of the Galactic fore- 
ground from the 2MASS and SuperCOSMOS catalogues. 
The study into the stellar populations uses a more robust 
method of foreground removal and also makes use of the 
DENIS catalogue combined with 2MASS. 

4.1. Density within the Bridge 

In order to investigate the density of the stellar popula- 
tion within the central Bridge (30-60 deg in RA, to avoid 
too greater LMC and SMC contamination), stellar den- 
sity maps were created from the catalogues of 2MASS and 
SuperCOSMOS prior to the consideration of a Galactic 
foreground population (Fig. [1]), to look into different stel- 
lar densities contrary to the particular populations. Since a 
mostly structureless, smooth spacial distribution of fore- 
ground stars and background galaxies can be expected 
across the Magellanic Clouds, any structure found should 
reflect the Bridge population. 

The positions of the stars in the 2MASS and 
SuperCOSMOS catalogues were binned, and smoothed 
number density maps were created with bin size dependent 
on the total number of stars present. Bins were optimized 
at Aa = AS = 0.2° as this was the bin size that produced 
the clearest contours on the density maps with an aver- 
age of 8 and 41 objects in each bin for the 2MASS and 
SuperCOSMOS catalogues respectively. 

Regions previously observed by other authors were 
placed (not to scale) on top of the maps. Th e most 
significant observations in this region were those by "Harris| 
(2007) using tiles of 36' x 36' who looked at different 
regions across the Bridge. The position of the VMC tiles 
(1.5 X 1 deg) is also indicated on the maps to give an idea 
of the larger region that VMC will cover in comparison to 
previous observations. The exact location of the VMC tiles 
has been decided according to the present study, with tiles 
placed at higher declinations than initially planned with 
the expectation to observe different stellar populations. 
The 10 sigma sensitivity (Vega) in Y, J and are 21.1, 
21.3 and 20.7 respectively. Please refer to ICioni et al.l 
(;201L) for details on the VMC observations. 

It can be seen from the 2MASS density map of 
the Bridge (Fig. [1]), that the stellar distribution is not 
even. The Harris tiles (medium size boxes) follow the HI 
ridge line within the Bridge and the stellar populations 
are distributed along it, but also in other regions. The 
SuperCOSMOS map (Fig.[T]) shows an apparent increase in 
star numbers in the northern part of the Bridge just outside 
the regions observed by Harris. One would expect to find a 
greater number of young blue objects in the SuperCOSMOS 
catalogue compared to the redder objects in the 2MASS 
catalogues. Therefore the greater number of objects in the 
northern part of the Bridge in SuperCOSMOS opposed to 
2MASS indicates the possibility of a denser younger popu- 
lation in the north of the Bridge. It also appears from the 
2MASS density map that the number of objects increases 
towards the south, this could indicate a possible difference 
in young and older populations from the north to the south. 
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Fig. 1. Stellar density maps of the Magellanic Bridge from the 2MASS (left) and SuperCOSMOS (right) cata logues, with 
bin s ize of 0.2 x 0.2 deg^. The rectangles represent the locations (not to scale) of VMC observations (red) (|Cioni et al.l 
1201 and fields observed bv lHarris (2007) (blue). Contour levels are at: 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60 and 80 
stars. North is at the top and east is to the right with the LMC to the left and SMC to the right 



In order to confirm that the observed stellar density fiuc- 
tuations in the Bridge are truly a feature of the Bridge and 
not from the Galactic foreground population a study into 
the Galactic foreground was carried out. A target region 
was chosen to represent a purely Galactic foreground pop- 
ulation in the direction opposite to the Magellanic Clouds 
across the Galactic plane, at the same Galactic longitude 
but at positive Galactic latitude. This region was chosen as 
it represents a similar location to the Clouds in terms of 
reddening effects and foreground population, but without 
the galaxies dominating the region it better represents a 
purely Galactic population. For this work, catalogues were 
downloaded at (292°, 39°), to cover an area equivalent to 
that of the central Bridge region (~ 7° x 8°). Flags were 
used to clean up the catalogues as in Sect. [3] and density 
maps were created following the same procedure as was ap- 
plied to the Bridge field to identify the nature of the stellar 
density. 

It can be seen from the stellar density maps of the fore- 
ground field for 2MASS and SuperCOSMOS (Fig.[2| that in 
each case, with the same binning as the Bridge regions, the 
stellar density across the foreground region is not entirely 
smooth. A preliminary observation is that the average num- 
ber of stars in the Bridge catalogues is larger than that in 
the foreground. In the SuperCOSMOS map there is a visible 
gap due to the photographic plates used to obtain the pho- 
tometry. The overall stellar densities allow the preliminary 
conclusion, that a significant fraction of the 2MASS and 
SuperCOSMOS objects are stars from the Bridge popula- 
tion. However, interpretation of these maps is dampened by 
the contribution of the general Galactic foreground (~ 50% 
and - 80% in the SuperCOSMOS and 2MASS maps, re- 
spectively). Both Bridge maps display some spacial struc- 
ture. However, some structure can also be seen in the fore- 



ground. In order to clarify whether true Bridge structure 
remains, a statistical removal of the Galactic foreground 
was applied as follows. 

In order to statistically remove Galactic foreground ob- 
jects from the Bridge population, the foreground field was 
binned in colour-magnitude space to obtain a number of ob- 
jects in each bin of colour and magnitude. For the 2MASS 
catalogue, the field was binned in J — Kg vs Kg and in 
SuperCOSMOS the binning was in B — I vs I. In each case 
the colour and magnitude bins were 0.2 and 0.5 in size re- 
spectively for 2MASS, and 0.5 and 0.5 for SuperCOSMOS. 
This process was repeated for the Bridge region with the 
same binning for each catalogue. 

The next step in the removal process was to calculate 
the probability for each bin, of an object belonging to ei- 
ther the Bridge or the foreground. This was calculated by 
comparing the number of Bridge and foreground objects in 
each bin, with respect to the total number of objects in 
each bin. Once a probability had been assigned to each bin 
in colour-magnitude space, a cut was made to select objects 
with a probability of greater than 0.20 of belonging to the 
Bridge, to avoids noise and objects with biases. The objects 
remaining were then analysed to seek density fiuctuations 
that are genuinely Bridge features and not an effect of the 
Galactic foreground population. 

Histograms were created for the Bridge and Galactic 
foreground fields in the 2MASS and SuperCOSMOS cata- 
logues (Figs. [3l m top). A Poisson fit was applied to each 
of the data sets representing the average number of ob- 
jects in each catalogue to identify any fiuctuations that 
are not expected statistically. As well as for the full cat- 
alogues, histograms were created after the statistical re- 
moval of Galactic foreground, for objects that are likely 
to be Bridge stars in the NIR and optical catalogues, as 
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Fig. 2. Stellar density maps of the Galactic foreground field from the 2MASS (left) and SuperCOSMOS (right) catalogues, 
with bin size of 0.2 x 0.2 deg^. Contour levels are at: 10, 15 and 20 stars. North is at the top and east is to the right with 
the LMC to the left and SMC to the right. 
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Fig. 3. Histograms of no. of stars in a given bin range for 
the Bridge in the 2MASS catalogue (red) and foreground 
field (blue, top) in 2MASS, and also the 2MASS catalogue 
of the Bridge after the statistical removal of the foreground 
(bottom). A Poisson distribution was computed for each 
figure representing the expected distribution on the average 
number of stars per bin of each catalogue 
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Fig. 4. Histograms of no. of stars in a given bin range for 
the Bridge in the SuperCOSMOS catalogue (red) and fore- 
ground field (blue, top), and also the SuperCOSMOS cata- 
logue of the Bridge after the statistical removal of the fore- 
ground (bottom). A Poisson distribution was computed for 
each figure representing the expected distribution on the 
average number of stars per bin of each catalogue 



well as objects likely to make up the Galactic foreground 
in the direction of the Bridge (Figs. [3l HI bottom). It should 
be noted that the Poisson fit for the SuperCOSMOS fore- 
ground field is slightly to the left due to the small gap in 
SuperCOSMOS observations as seen in Fig. [2l This effect 
is compensated for in the removal of the foreground from 
the Bridge by extrapolating the rest of the field to fill this 
gap. 

It can be seen from Figs. [3] and HI that prior to and 
after the removal of the foreground objects, there remains 
a greater number of Bridge objects in the catalogue which 



are likely to be real Bridge stars and are above the expected 
number given by the Poisson distribution. The statistical 
foreground removal is based on the positions of the ob- 
jects in colour-magnitude space, indicating that the larger 
number of objects prior to removal are of different popu- 
lations to those dominating the Bridge. A further study of 
the NIR catalogue in the direction of the Bridge is carried 
out in Sect. 14. 2[ using a more robust method of remov- 
ing the Galactic foreground objects, to identify new, older 
populations within the Bridge. 



5 



Bagheri et al.: Magellanic Bridge 




60 58 66 54 52 b( 1 ! 12 40 38 36 34 32 30 

RA 



60 58 56 54 52 50 48 46 44 42 40 38 36 34 32 3 
RA 



Fig. 5. Stellar density maps of the Magellanic Bridge from 
the 2MASS (left) and SuperCOSMOS (right) catalogues af- 
ter the statistical removal of the Galactic foreground mul- 
tiplied by the probability of a star belonging to the Bridge, 
with bin size of 0.2 x 0.2 deg^. Contour levels are at: 60, 
70, 80, 90, 100, 120, 140, 160, 180 and 200 stars. North is 
at the top and east is to the right with the LMC to the left 
and SMC to the right 
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Fig. 6. Number of stars in bins of Dec for the central 
Magellanic Bridge (a = 30° - 60°) in the SuperCOSMOS 
(crosses) and 2MASS catalogue (squares, scaled by a factor 
of 3) after the statistical removal of Galactic foreground. 
The Bridge is binned over all RA with a bin size of 0.5° 
in Dec. Vertical lines represent the range of Dec of Harris' 
(2007) observations. Error bars are included but are smaller 
than the symbols 



Fig. [5] shows stellar density maps of the Bridge in 
2MASS and SuperCOSMOS after the statistical removal 
of the Galactic foreground. It can be seen from these maps 
that the two regions of over-density in the SuperCOSMOS 
catalogue (Fig. [1]) still remain after the removal of fore- 
ground. The SuperCOSMOS catalogue also shows a dis- 
tinction between the northern and southern parts of the 
Bridge with a denser population in the north. The 2MASS 
map shows a lower density of objects overall, but also shows 
regions of over-density remaining after the foreground re- 
moval. 

Fig. [6] shows that the highest density of blue objects is 
not along the main concentration of H I gas around which 
iHarrisI (|2007[ ) carried out his observations of Bridge ob- 
jects. This work shows a peak in stellar density of blue ob- 
jects in the northern part of the Bridge decreasing towards 
the south. Harris does however state that due to ram pres- 
sure from the Magellanic Clouds passing the Milky Way, 



then tidally stripped stars can be displaced from the main 
gas concentration, indicating that perhaps there has been 
movement in the position of the main concentration of H I 
gas. 

4.2. Stellar populations 

The purpose of this section is to identify an older pop- 
ulation in the Bridge using NIR observations. In order 
to analyse stellar populations, foreground Galactic stars 
towards low density regions of the Magellanic System, 
like the Bridge, represent a non- negligible source of con- 
tamination as Galactic objects will appear with similar 
colours and magnitudes as Bridge objects, and will make 
up most of the objects observed. The foreground popula- 
tion was removed here using CMDs and two colour dia- 
grams. Magnitude cuts near the sensitivity limits of the 
surveys were also applied. Two offset regions were chosen, 
one above and one below the Bridge to obtain a sample of 
the foreground population. The offset fields were chosen to 
be 2° X 2° in size centred at a = 3:26:00, S = -59:53:0 
and a = 4:01:31.91, 6 = -80:58:19.8. The offset fields were 
analysed for G alactic dust reddening by examining dust ex- 
tinction maps ([Schlegel et al.l Il998h as these fields are as- 
sumed to comprise of only Galactic foreground stars. The 
average absorptions {Aj = 0.073, Aj = 0.033, Ah = 0.021, 
Ak = 0.014) are sufficiently low to allow use of these 
fields in the removal of Galactic foreground stars from the 
Magellanic Bridge population and this is re-enforced as the 
Magellanic Clouds lie sufficiently above the Galactic plane 
for reddening effects to be low and therefore no correction 
for reddening has been made. Two Bridge fields of 2° x 2° 
were also chosen to represent the Bridge population, in a 
test for the foreground removal process, in the direction of 
the highest stellar density at a = 2:00:00, S = -75:30:00 
and a = 2:20:00, S = -70:00:00. It should be noted that the 
reddening effects of the Bridge were also examined and the 
average absorptions {Aj = 0.094, Aj = 0.043, Ah = 0.028, 
Ak = 0.018) are also low enough here and similar to the 
offset fields, to continue without a reddening correction for 
the Bridge region. 

The two offset and Bridge fields were then compared 
using a range of CMDs and two colour diagrams to find the 
best distinctions between the Bridge and the offset field 
stars. In this work, the DENIS catalogue was also included 
to make use of the I band for the more robust method of re- 
moving Galactic foreground. The foreground was removed 
from a combined 2MASS-DENIS catalogue. A CMD was 
also used to make cuts in the magnitude for the com- 
bined catalogue near the sensitivity and brightness limits 
to reduce statistical fluctuations in the data (Fig. lA.ip . 
These cuts were taken at = 9.0 and = 13.8 mag 
for the bright and sensitivity limit respectively. This anal- 
ysis was repeated for all bands and was used in this work 
to determine the point at which the photometric uncer- 
tainty was too large for the data to be reliable. Figure [ATT] 
shows that the photometric uncertainty increases for stars 
brighter than ~ 8.5 mag due to special processing of 
bright sources in 2MASS, and a cut around this level ex- 
cludes Galactic giant stars as they will appear as very bright 
objects. The cut at = 13.8 was chosen as a compromise 
between the higher photometric uncertainties near the sen- 
sitivity limit of the catalogue and not removing faint ob- 
jects in the Magellanic Bridge. Our method for the removal 
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of foreground stars makes primarily use of the different 
IR co lours of late type dwarfs and giants (|Bessell fc BrettI 
119881) . 



2.2 - ' ' ' ' ' ' ^ 

■1 fc 

-0.4 0.0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.8 
Bin range 

Fig. 7. I-Ks histogram for the Bridge field of the 2MASS- 
DENIS combined catalogue showing a drop in stellar den- 
sity at the chosen cut of 2.3 



The best separation of the Bridge and Galactic popula- 
tions was observed in the I — hess diagram (Fig. 
[7|). A value of I — Kg > 2.3 was initially taken by eye as 
the best cut to separate the Galactic foreground from the 
Bridge population. Note that J — KgYS Kg was not included 
in the cuts as this combination of colour and magnitude are 
used below to identify the stellar populations and as such 
were not used to filter out objects. 

Photometric errors of the photometry cause a scattering 
of foreground stars into clean regions in colour space. Our 
aim was to find an optimal trade off between removing as 
much Galactic foreground contamination as possible with- 
out removing too many genuine Bridge stars. For this pur- 
pose we determined the best S/N value using the formula 
S/N = . ^Bridge ^^le total number of Bridge 

oreground 

stars and total number of Galactic foreground stars remain- 
ing after a cut in each colour combination. This application, 
with an optimum S/N of 10 produced a final Galactic fore- 
ground cut of / — iiTs > 2.3 mag. 

Figure [8] shows the two colour diagram H — vs J — H 
of the combined 2MASS-DE NIS cata logue an d the G alactic 
dwarf and giant sequences (|Bessen fc BrettI Il988f ) which 
aided the Galactic foreground removal process. From this 
comparison a cut at J — H = 0.70 was chosen initially by 
eye to remove the Galactic dwarfs from the catalogue which 
will cause contamination to the Magellanic objects. Again 
a range of values around this J — H cut were checked for 
the best S/N ratio (7.9) resulting in a value of J — H > 0.75 
mag. The remaining objects were then further selected in 
H — Ks (S/N = 13) to remove any remaining Galactic popu- 
lation by making a cut at the point in which the two popula- 
tion arms begin to separate, i.e. the Magellanic giant popu- 
lation begins to divert away from the main bulk of Galactic 
M dwarf objects. The final colour selection criteria for the 
2MASS-DENIS combined catalogue were I - > 2.1, 
J — H > 0.75 and H — > 0.32 mag which were ap- 
plied together with the magnitude cuts at = 9.0 and 

— 13.8 mag. 

A similar method of the removal of Galactic foreground 
objects was carried out for the optical SuperCOSMOS data 
using the same Bridge and Galactic foreground fields as 
with the combined 2MASS-DENIS catalogue. These cuts 
were tailored for the identification of a young blue popu- 
lation. Magnitude cuts in the / band were applied to ac- 
count for the brightness and sensitivity limits of the cat- 



alogue, taken at / = 18.4 and / = 10 at a similar level 
with respect to those in the combined 2MASS-DENIS cat- 
alogue. A CMD, 5 — / vs /, and two colour diagram, R — I 
YS B — were used to separate the Galactic foreground 
sources from the Magellanic sources. The cuts in these di- 
agrams were initially taken at 5 — / < 0.4, R — I < 0.35 
and B — R < 0.5 mag. After checking the spread around 
these values the values of B — I < 0.5, R — I < 0.3 and 
B — R < 0.6 mag were chosen (with optimum S/N = 24.4, 
24.7 and 25.1 respectively) for the final Galactic foreground 
removal. A cut at the blue end of the catalogue was also ap- 
plied to remove background galaxies at B — R > —0.5 mag. 
This cut was confirmed to be accurate as all sources with 
B — R < —0.5 mag are galaxies according to the SIMBAE0 
astronomical database. Note that these selection criteria 
remove Magellanic Cloud red giants as well. 

The SuperCOSMOS objects have been compared to the 
colours of known main sequence and G-M giant objects 
in Fig. [TOl A few runaway Galactic stars and hot evolved 
objects (horizontal branch, post-Asymptotic giant branch 
(AGB) and white dwarf stars) may slip through but num- 
bers are small as confirmed by the CMD of the foreground 
fields. It can be seen here that although originally a sta- 
tistical process, the method of Galactic foreground removal 
in the SuperCOSMOS catalogue excludes Galactic main se- 
quence stars and giants. 

The number of stars in the Magellanic Bridge area is 
reduced to 449 in the combined 2MASS-DENIS catalogue 
and 274 in the SuperCOSMOS catalogue after the Galactic 
foreground removal. 

A further extension to the Galactic foreground removal 
process used SIMBAD over the entire Bridge region to 
investigate the candidate Bridge objects in the 2MASS- 
DENIS combined catalogue and the SuperCOSMOS cat- 
alogue with a breakdown of objects in Table [H Using 
this method a further 74 objects were removed from the 
2MASS-DENIS combined catalogue as background galax- 
ies and 7 objects were removed from the SuperCOSMOS 
catalogue as Galactic stars and background galaxies rep- 
resenting ~ 2.6% and ~ 17% of the final catalogues. It 
should be noted that no previous attempt was made to 
remove background galaxies from the 2M ASS-DENIS cat- 
alogue beyond using the point source fiags. The remaining 
365 objects in the 2MASS-DENIS combined catalogue and 
267 in the SuperCOSMOS catalogue are all likely to be 
objects with a Magellanic origin. 

4.3. Colour Magnitude Diagrams 

In order to characterise the stellar populations within 
the Bridge, a CMD wes created from the 2MASS-DENIS 
combined catalogue in (J — K^) vs K^. Boxes are from 
iNikolaev fc Weinberg! (|2000[ ). These boxes were created to 
characterise the population of the LMC (Fig. [11]), and have 
been adapted here for the Magellanic Bridge using the dis- 
tance modulus at an average Bridge distance of 55 kpc. 
The boxes were then overlaid onto the observed CMD of 
the Bridge (Fig.[12l). 

There are twelve regions identified in Fig. [11] marked 
from A through L and several techniques were applied by 
Nikolaev fc Weinberg to identify the populations in each 
region. The LMC populations were identified based on the 

^ http:/ /simbad. u-strasbg.fr/simbad/ 
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Fig. 8. H — K Ys J — H two colour diagram for the 2MASS-DENIS combined catalogue (dots) and Bessell & Brett 
(1988) Galactic dwarfs and giants ((red) diamonds). Bold lines illustrate the foreground removal cuts dit H — > 0.32 
and J — H > 0.75 mag 



NIR photometry of known populations from the literature. 
The authors also performed a preliminary isochrone 
analy sis, where th e y mat ched the features of the CMD 
with iGirardi et al.l (|2000f ) isochrones, to derive the ages 
of populations and draw evolutionary connections among 
the CMD regions. The regions of the CMD present in 
the Bridge population from the 2MASS-DENIS combined 
catalogue after the removal of Galactic foreground (Fig.[T3|) 
are primarily E, F, J, D, K and L with a small contribution 
from I. Even considering photometric uncertainties in 
magnitudes and colour, the stellar population still fits well 
into the boxes characterising the different types of stars. 

A summary of the types of stars found in the regions 
according to Nikolaev & Weinberg: 

Region E covers the upper RGB and includes the tip of 
the RGB. The tip of the RGB is defined by the ignition of 
the degenerate he lium burning core in o ld (low mass) stars, 
the helium flash ([Renzini fc Fusi Peccilll988 ). Stars, after 
ignition, evolve rapidly to the horizontal branch. 

Region F contains primarily oxygen-rich AGB stars of 
intermediate age that are the descendants of stars in region 
E. Some fraction of region F stars are long-period variables 
and reddened supergiants. 

Region D is the most inhomogeneous part of the CMD 
due to the large colour range spanned. This region contains 
RGB and early AGB (E-AGB) stars. Region D also con- 
tains a significant fraction of AGB stars in transition from 
the E-AGB to the thermal pulsing AGB phase (TP- AGB), 
the stage at which the outer hydrogen shell is reignited 



(llben fc Renzinilll982f ). Most of the E-AGB stars in this 
region are M-type stars. 

Region J sources are primarily carbon rich TP-AGB 
stars. These stars are descendants of oxygen-rich TP-AGBs 
in regions F and G. Region K contains extremely red ob- 
jects identified as obscured AGB carbon-rich stars, as well 
as some dusty oxygen-rich AGB stars. Their large {J — K^) 
colours are due to dust in their circumstellar envelopes. 

Stellar sources in region L could be reddened M giants, 
there would usually be a large contribution here from back- 
ground Galaxies however after each source was located in 
the SIMBAD astronomical database known Galaxies were 
omitted from these results. 

The population in region I is young, with an age of 
approximately 500 Myr. A significant contributor to the 
source density in this region are K- and M-type supergiants. 

From the above population analysis, it can be seen that 
the youngest populations remaining within the Bridge after 
the removal of Galactic foreground are K and M giants with 
an age of ~ 500 Myr. This age is older than the assumed 
age of the Bridge implying that the red objects here are all 
older than the Bridge. 

4.4. An older and younger population 

This section confirms and expands on the previously ob- 
served younger population within the Magellanic Bridge 
region, and also looks into the existence of a population 
older tha n the Bridge (2 00Myr) according to the standard 
scenario ([Grondin et al.l [1991 ). indicating that these stars 
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were drawn into the Magellanic Bridge as stars, and did 
not form in-situ as was previously thought. 

The remaining objects in the 2MASS-DENIS combined 
catalogue and the SuperCOSMOS catalogue after the re- 
moval of Galactic foreground were cross-matched to the 
SIMBAD database and were characterised in a and 5 (Fig. 
[T4|) . It can be seen here that the known LMC and SMC pop- 
ulations from the database are confined to each side of the 
Bridge in both the 2MASS-DENIS and SuperCOSMOS cat- 
alogues, with known blue Bridge objects in SuperCOSMOS 
spreading across the entire region. Objects categorised as 



other, such as IR and X-ray sources are evenly distributed 
within the Bridge. The objects of interest here are the 
unknown objects which in both catalogues make up for 
the majority of the populations and are spread across the 
Bridge. 

The remaining objects in the 2MASS-DENIS and 
SuperCOSMOS catalogues were entered into the SIMBAD 
database and of previously published objects within this 
study, just 2.6% and 17% are classified as non-Magellanic 
Cloud objects. Applying this accuracy to the previously 
identified objects (objects that have also not been pub- 
lished), it can be expected that ~ 228 of the unknown 
2MASS-DENIS and - 126 of the SuperCOSMOS objects 
belong to the Magellanic Clouds. Follow up observations, 
required to confirm the type and membership of these ob- 
jects, will be presented in subsequent paper. Many of these 
previously unobserved objects reside in the northern part 
of the Bridge, which has been less explored than the region 
around the H I ridge in the south especially in the NIR. 

Figure. [T5l shows two CMDs comparing the population 
within a field of the Bridge (a = 2:00:00, 8 = -75:30:00) 
to an offset field {a = 3:26:00, 6 = —59:53:0) of the same 
size of 2° X 2°. The panel with the Bridge field also includes 
remaining blue objects in the northern part of the Bridge in 
the SuperCOSMOS catalogue after the removal of galactic 
foreground for comparison, with isochrones (Girardi et al.l 
120001 ) over-plotted representing objects with SMC metallic- 
ity (Z = 0.004) at an average Cloud distance of 55 kpc for 
a range of ages. It can be seen from this figure that the re- 
maining blue northern objects are truly plausible Bridge B 
stars and not a manifestation of the foreground population 
or background galaxies. The blue objects with known clas- 
sification are all on their main sequence phase or beyond. 
Many of the unclassified objects are less evolved stars on the 
main sequence. This result confirms the methods used here 
to find a remainin g blue Bridge population outside of the 
regions studied bv iHarrisI (|2007l ) and Demers & Battinelli 
(1998) who concentrated their studies along the H ridge- 
line at the central Bridge declination. 

Table [2] shows a breakdown of the objects as iden- 
tified by SIMBAD within the Magellanic Bridge for the 
red (2MASS-DENIS) and blue (SuperCOSMOS) objects 
respectively after the removal of Galactic foreground and 
background contamination. It should be noted that the ob- 
jects identified as background Galaxies here were conse- 
quently removed from the final sample. 



5. Discussion 

The density maps of the Bridge region all display a struc- 
tured distribution of stars. The SuperCOSMOS map shows 
that for the central region of the Bridge, the population 
has a differing pattern in the northern and southern parts. 
The 2MASS-DENIS density map displays a vertical ridge 
at the centre of the Bridge which could be an artefact of the 
DENIS data set (related to the vertical scanning of the sky) 
or a region of low density between two populations of stars 
perhaps one from the LMC and one from the SMC. This 
feature is not present in the 2MASS or SuperCOSMOS data 
suggesting it is simply due to a lack of data in the DENIS 
catalogue. 

An interesting finding here is of the stellar distributions 
of blue and red objects within the Bridge. Firstly a new 
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Fig. 10. B — R R — I colour-colour plot of the SuperCOSMOS catalogue of the Magellanic Bridge with the colours of 
known MS stars and G-M giants ((red) diamonds). Bold lines represent foreground cuts at B — R < 0.6 and R — I < 0.3 
mag 
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Fig. 1 1. Hess diagram, (J — K^) y s of LMC stars from 2MASS observations. The boxes overlaid on the plot are taken 
from .Nikolaev fc Weinber j (|2000f ) and the catalogues include foreground stars. Contour levels are at: 2, 4, 6, 8 and 10 
stars 
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Fig. 12. Hess diagram, (J — Kg) vs Kg^ of the Magellanic Bridge from the 2MASS-DENIS catalogue. Boxes are as in 
Fig. [11] and foreground stars have not been removed from the catalogue. Here the boxes have been shifted by 0.25 mag 
to brighter magnitudes in K^. Contour levels are at: 10, 20, 30, 40, 50 and 60 stars 



Ta ble 2. Different population s ide ntified wit h in th e Magellajiic_^ridge f rom SIMB AD. [1] llrwin et all (Il990h . 
M 'Cannon & Pickering' (1918'), [3] 'Hog et al.' (I1998D [4] 'Skrutskie et al." ("2006'), [5] iHolmberg et al.l (|l974f ). [6] 
[Abraham et al. (1995), [7] Westerlund & Glaspevl ^HS) , [8] bemers & Irwin (1991). 



Object 


No. within 2MASS-DENIS 


No. within SuperCOSMOS 


Reference 


Bridge star 





63 


[ij 


SMC star 


53 


30 


[IJ [7J 


LMC star 


21 





[IJ 


Magellanic Cloud object 


4 


11 


[IJ [8J 


Background Galaxy 


74 


3 


[4J [5J 


Other known object 





20 


[2] [3] [6] 


Unknown 


275 


129 





red population has been identified after the Galactic fore- 
ground removal. Also an analysis of the blue objects within 
the Bridge yields a very interesting result that indeed there 
is a widely spread young population as previously observed, 
but that this population extends further northward that 
previously observed and also that the density of the blue 
objects is higher in the northern Bridge than in the south 
and not mostly concentrated along the HI ridge as sug- 
gested by Harris (2007). This implies that ram pressure 
may have played a role in the Magellanic system as it has 
moved through the Milky Way halo displacing the stellar 
population within the Bridge. 

The nort h-south divid e obse rved here, agrees with 
the work of iMuller et aP (|2004D who showed that the 
Magellanic Bridge comprises two distinct arms of gas mak- 
ing up the northern and southern parts. His results on the 
gas are confirmed here from stellar density maps support- 
ing the hypothesis that the Bridge is not formed of a single 



filamentary feature. A more turbulent southern arm and 
more tenuous northern arm does also explain the more ten- 
uous, less populous northern part of the density maps with 
respect to the denser southern parts. 

lHarris[ ([2007[) created an infrared CMD of a 35 des; 
region of the central part of the Magellanic Bridge com- 
pared to a region of the outer Bridge towards the LMC. 
He found that in the outer region of the Bridge there was 
an abundance of RGB and AGB stars associated with the 
LMC but in the central region there were hardly any of 
these populations. The work here uses a robust method of 
Galactic foreground removal and finds a population within 
the Bridge including RGB and AGB stars of ~ 72% of 
the total Galactic foreground subtracted stellar Bridge 
population in the 2MASS-DENIS catalogue, greater than 
the number of these objects found by Harris. The ages 
of the RGB and AGB populations identified here could 
range from 1 — 5 Gyr for redder, lower-luminosity stars 
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Fig. 13. CMD, (J - Ks) vs K^, of the central Magellanic Bridge region from the 2MASS-DENIS catalogue. Boxes are 
as in Fig. [11] and foreground stars have been removed from the catalogue. Here the boxes have been shifted by 0.25 mag 
to brighter magnitudes in Kg 



(|Frogel fc Blancol I199Q[ ). This indicates the presence of a 
population older than the age of the Bridge that is likely 
to have been drawn in tidally at the time of the Bridge 
forming event. An alternative explanation co uld be that 
the B ridge is older than previously estimated. 'Olsen et al.' 
(|2Qllf ) have identified a population of SMC objects within 
the LMC. These objects have lower metallicity than the 
LMC but are consistent with SMC giants which supports 
the theory of tidal interaction. 

Other recent studies (|Chen et al.l |2Q1Q[ ) have used 
mid-IR Spitzer IRAC and MIPS observations to detect a 
number of young stellar objects (YSOs) in the Magellanic 
Bridge, mostly nearby high HI density regions. They 
have also studied how star formation has proceeded and 
estimated the star formation efficiency in the Bridge by 
looking for Herbig Ae/Be stars using known catalogues of 
blue stars and stellar clusters. If the new populations in 
this work are genuine Bridge members they will contribute 
to the present knowledge of star formation within this 
region. 

The Magellanic Bridg e is on e tidal Bridge between two 
irregular galaxies. B ekkil (I2QQ8D investigated a Bridge that 
formed tidally between the outer halos of M31 and M33 
made only from HI gas with no stars associated to it. Its 
origin is also under debate and it could be in-fact a tidal 
stream like the Magella nic Stream containing no or a very 
small stellar component. ISmith fc Redenbaughl (|2QlQf ) have 
used the GALEX ultraviolet telescope to study various 
tidal features including bridges, spiral arms and tails of 
gas. There are many tidal features in existence, some with 
and some without s tars within the gas in galaxies out to 
distances of 50 kpc (|Pakzad et al.l [200^ . A more detailed 



study is required to determine a model to distinguish a 
tidal bridge from a stream, spiral arm or tail and a study 
into the conditions that form these features will give more 
information to the likely presence of stars within them. 
The Magellanic Bridge has had a known stellar population 
however, in the Magellanic Stream no stars have been 
detected within the HI gas. Perhaps unless drawn in at 
formation, tidal features do not contain a stellar population 
until an event occurs that is strong enough to trigger star 
formation within the tidal feature in an environment with 
a high enough gas density. Further observations of tidal 
systems, including the Magellanic Clouds with VISTA, are 
needed to give us a better picture of the interactions that 
form these features and star formation within. 



6. Conclusions 

This is the first infrared study of the Magellanic Bridge that 
confirms previous radio and optical studies which found 
that: 

1. the Bridge contains a stellar population that is not 
smooth and consists of clumpy regions, 

2. both blue and red stellar populations are way more ex- 
tended than the region of high H I density, 

3. the highest numbers of blue stars are in the northern 
Bridge region, different from expectations based on the 
morphology of the H I gas, 

4. there is a north-south divide visible in the stellar pop- 
ulation of the Bridge. 

The above indicates that there may be an older popu- 
lation within the Bridge that has not yet been observed as 
the majority of current observations have been restricted 
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Fig. 14. The spatial distribution of the different populations present within the Magellanic Bridge from the 2MASS- 
DENIS catalogue (top) and the SuperCOSMOS blue catalogue (bottom) after the removal of Galactic foreground and 
background galaxies. The different symbols represent: known 2MASS-DENIS LMC sources or SuperCOSMOS known 
Bridge objects (squares), known SMC sources (stars), known Magellanic Cloud halo sources (diamonds), other known 
sources (triangles) and new sources (plusses) from SIMBAD 



to the H I ridge line and the southern part of the Bridge. If 
the Bridge does contain two arms of gas from the SMC as 
suggested by previous authors, it is possible that an older 
population exists in the northern part of the Bridge that 
was tidally stripped as stars and not as gas or that formed 
stars in-situ. The results of the CMD analysis suggest that 
the Bridge may contain: 



1. upper RGB stars to the tip of the RGB, 

2. RGB and E-AGB stars, 

3. Carbon stars, 0-rich and dusty AGB stars, 

4. reddened M-type giants. 

These stars indicate ages older than previously sug- 
gested for the Bridge. The ages of the RGB and AGB stars 
in the central Bridge region is likely to range from ^1 — 5 
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Fig. 15. CMD, top is {B - /) vs / of the blue objects 
of the Magellanic Bridge from SuperCOSMOS from one 
of the Bridge fields {a = 2:00:00, S = -75:30:00) cho- 
sen in Sect. 14.21 prior to the removal of the galactic fore- 
ground population. Also shown are known (squares), and 
unknown (diamonds) blue objects in the northern part of 
the Bridge which remained after the removal of galactic 
foreground objects. Overlaid onto these populations are 
Padova isochrones (red lines) for stars at the estimated dis- 
tance of the Magellanic Bridge (55 kpc with SMC metal- 
licity (Z = 0.004) at a range of ages from log(age/yr) of 
7.2 — 8.1 (top to bottom) with age steps of 0.1. Bottom is 
{B - /) vs / of an offset field {a = 3:26:00, S = -59:53:0) 
chosen in Sect. l4.2l for comparison to the Bridge population 



Gyr meaning that these stars were drawn into the Bridge 
at the formation event and did not form in-situ. It is pos- 
sible from the observation of an older population that the 
northern part of the Bridge represents a different popula- 
tion from the southern arm not connected to the LMC and 
was formed from a different region of the SMC that con- 
tained stars at the time of the stripping event. Alternatively 
the Bridge may not be as young as previously thought. In 
order to better constrain the above, follow up observations 
of the Bridge populations are required as part of the VMC 
survey and also of metallicities and radial velocities from 
spectra that may constrain the membership of Bridge stars 
to the LMC or SMC. 
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